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Several years before Raoult first took lip the subject of con- 
gelation, I had published the results of numerous experiments 
on the molecular-depression of the freezing-point of aqueous 
saline solutions.’ 
Thus  
i t  happened that the decrease in the molecular depression with 
increasing concentration, which seems to be common to all 
electrolytes in very dilute aqueous solutions, and which was 
first noticed by Raoult, escaped my observation. 
On the other hand I determined the freezing-points of very 
concentrated, and in some cases of hzghly supersaturated solu- 
tions. These experiments have never been repeated by any sub- 
sequent investigator, and I desire to call attention to them in 
conr,ection with a paper recently pnblished by H. C. Jones and 
F. H. Gettnan, entitled : The molecular-lowering o f  the freezing- 
joint of  water produced by concentrated solutions o f  certain elec- 
trolytes.’ 
The  object of the researches of Jones and Getman was to 
ascertain whether the minimum in the molecular-lowering of 
the freezing-point which has been observed in many cases ( (  is  
at alzgeneral, o r  whether it is limited to  certain substances or 
certain classes of close& related substances.” 3 
I made no experiments with very dilute solutions. 
Ann. Chim. Phys. ( 4 )  23, 366 (1871); 25, 502 ; 26, 98 (1872). Bulletiii 
de la Societe vaudoise des Sciences naturelles, IO, 535 (1871); 11, 7 (1872). I 
was the first to make use of the expression molecular or atomic depression of 
the freezing-point. 
Zeit. phys. Chem. 46, 244 (1903). 
3,i0c. cit. 244. 
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Jones and Getman furthermore enquire : “How long will 
the molecular-lowering (produced by the substances for which 
there is a minimum) continue to incvease as we incvease the con- 
centration, and what magnitude will it acquire in vevy concen- 
trated solutions o f  very soluudle electro(J/tes,)l 
For a number of salts, my experiments furnish a reply to 
these questions. 
In the following tables, which contain extracts, in modern- 
ized form, from my former publications, the symbols employed 
have the following significance : 
m = concentration in gram-molecular normal.z 
m’ = concentration in gram-molecules to 1000 grams water. 
A = freezing-point depression. The  sign * indicates that 
the solution is supersaturated a t  the temperature a t  which it 
freezes.3 % 
A A 
- (or 7 ) = molecular freezing-point depression.4 m m 
T h e  freezing temperatures observed by me are lower than 
those found by Jones and Getman. This might be attributed 
in part to my not having taken into account the increase in con- 
centration due to the separation of ice. On the other hand, 
my solutions were in open beaker vessels, exposed to the warmer 
loc. cit. 251. 
The tables of specific gravity of Kohlrausch, Gerlach, Kremers and 
Schiff were used for calculating m. In  some cases extrapolation was necessary. 
The  temperature estimation, except in the case of some of the less con- 
centrated solutions, was not usually carried beyolid 1/40 degree. The two very 
good thermometers used had been constructed by Greinert in Munich in view 
of these experiments. 
In  the 
case of supersaturated solutions only this quantity was reduced to from 30 to 60 
grams. The process used for determining the freezing-point of supersaturated 
solutions is described in Ann. Chim. Phys. (4)  23, 403 (1871) and in Bull. SOC. 
vaud. Sc. nat. 11, 23 (1872). 
The question as to whether the molecular-depression is best expressed 
by Ajm or by Aim' has been discussed by Abegg in Zeit. phys. Chem. 15 ,  248 
From IOO to 300 grams solution were used for each experiment. 
(1894). 
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air of the laboratory, and to the condensation of moisture on 
the surface of the solution. Both these sources of error tend to 
raise the apparent freezing-temperature. 
Potassium carbonate, K,CO,, (138.3) 
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I .  683 
1.90 
2.40 
3.20 
3.85 
4.55 
4.375 
6.00 
6.75 
8.25 
8.85 
9.710 
I I .  15 
16.7 
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A 
m 
- 
Jones2 de CoppeP 
- 
- 
- 
- 
- 
4.42 
4.44 
4.51 
4.53 
4.60 
4.72 
4.82 
5-03 
5.12 
5,44 
6.28 
7.26 
8.36 
- 
- 
de Coppet 
- 
- 
.- 
- 
- 
4.42 
4.44 
4.44 
4.43 
4-50 
4.61 
4.66 
4.82 
- 
4.89 
5.14 
5-78 
6.48 
7.28 
- 
The  general trend of the results is none the less manifest. 
There is a minimum in the molecular-lowering for m =I 0.4, or 
thereabouts. - scarcely varies from m' = 0.4 to 0.9, after 
which both - and 2 increase continuously as the concentra- 
tion increases. They both attain values which have no mean- 
ing when viewed from the standpoint of the theory of electro- 
lytic dissociation. 
A 
712' 
A A 
m 
Phys. Rev. 3, 276 (1896). 
loc. cit. 276. 
Ann. Chim. Phys. (4) 25, 528 (1872). 
(Cited by Jones.) 
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m 
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6. IO 
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2 .00  
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Ammonium nitrate, ",NO,, (80.12) 
__- 
m1 
- 
- 
- 
- 
0.25 
0.62 
0.75 
1.25 
1.50 
2.50 
3.75 
4.99 
6.24 
7.49 
- 
- 
- 
- 
8.77 
A 
- 
- 
I 
- 
0.83 
1.686 
2.03 
2.40 
3. I45 
3.85 
4.55 
5 * 996 
6.90 
8.720 
9.35 
11.75 
13.6 
15.6 
17.4 
Jonesz de CoppeP 
3.09 
2.96 
2.93 
2.88 
2.86 
2.85 
- 
de Coppet 
2.76 
2.49 
2.35 
2.18 
2.08 
I .gs 
- 
I found the eutectic point for ammonium nitrate to be 
All attempts to determine the freezing-point of 
is continuous from the most di- 
But from m = 4.7 
- 17.3 j O . 4  
supersaturated solutions failed. 
A A 
m m T h e  decrease of - and 
lute to the most concentrated solutions. 
to 6.r the decrease in - is very small. 
The  two solutions m = 
5.69 and m = 6.43 are supersaturated at their freezing tempera- 
ture. As may be seen from the table, there is evidently a mini- 
A mum for - corresponding to m = 3 or thereabouts. From 
m 
m = 6 to 8, isconstant within the limits of experimental error. 
A 
m 
The  eutectic point is - 1 8 O . i  j. 
A 
m 
Phys. Rev. 3, 279 (1896). 
loc. cit. 269. 
Ann. Chim. Phys. (4)  25 ,  544 (1872). 
Bull, SOC. vaud. Sci. aat. SI, 27 (1872). 
(Cited by Jones.) 
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Sodium nitrate, NaNO,, (85.09) 
I I 
0.05 
0.  I 0  
0 . 2 0  
1.00 
1.35 
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2.18 
2 .  5 0  
3.00 
3.16 
4.07 
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6.70 - I - 
7.4681 - 1 2.987 
8.9091 - I 2.969 
3.53 ~ 9 7 0  I - i -  
4.70 i 1 2 . 7  i - I - 
6.43 I 8.22 21.7* - I - 
4.89 , 5.88 15.5 I - I -  5.69 7.05 I I8.7* ~ - - 
Ammonium sulphate, (NH,),S 
0.05 I 
0. I O  
0 . 2 0  
0. 50 
0.72 
1.38 
1.40 
1.98 
2. 5 2  
3.01 
3.24 
3.46 
3.66 
1.00 
- 1 0.024 4.80 
- 
- 
0.76 
I .  52 
2.28 
3.04 
3.79 
4.17 
4.56 
4.92 
- 
- 
0.969 I 3.94 
2 .80  i - 
3.686 I 3.69 
5.45 i - 
5.133 3.67 
8.20 1 - 
- 1 1 . 1  
14.4 I - 
16.2 ' - 
18.0 ~ - 
20.4 1 -  . .  
Phys. Rev. 3, 279 (1896).  
loc. cit. 
(Cited by Jones.) 
- 
- 
- 
- 
3.88 
3.75 
4-14 
4.40 
4.78 
5.00 
5 .  2 0  
5.57 
- 
- 
de Coppet 
- 
- 
- 
- 
3.01 
2.85 
2.75 
2 .70  
2.64 
2.65 
2.64 
- 
- 
- 
- 
de Coppet 
- 
.- 
- 
- 
3.65 
3.58 
3.59 
3.65 
3.77 
3.88 
3.94 
4.14 
- 
- 
Ann. Chim. Phys. (4)  25, 544 (1872). 
loc. cit. 273. 
Ann. Chim. Phys. (4)  25, 536 (1872) .  
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The  eutectic point is -1gO.05 according to my experi- 
A A 
ment. There appears to be a minimum both for - and -r. m m 
Sodium sulphate, Na2S0,, (142.2) 
m 
I 0.05 
0.14 
0.28 
0.30 
0.35 
0.42 
0.50 
0.69 
0.84 
1.04 
1.36 
0. I O  
0 . 2 0  
m' 
- 
- 
0.14 
0.28 
0.35 
0.43 
0.71 
0.86 
I .06 
1.41 
- 
- 
- 
__ 
A 
- 
- 
0.60 
- 
1.20 
I.425* 
- 
1.70* 
1.839% 
3*65* 
2.725* 
3.05" 
4.50% 
A 
m 
- 
Jones2 3e CoppeP de Coppet 
4.05 , 3.95 
3.63 I 3.55 
- - 
I 
3.94 I 3.84 
3.5' ' 3.44 
3.31 ' 3.19 
T h e  eutectic point was found to be - 1O.2 for the deca- 
hydrate NaZSO4,1oH2O, and -3O.55 for the heptahydrate 
Na2S04,7H,0.4. The  solution m = 1.36 is very highly super- 
saturated, I t  contains five times more anhydrous sodium sul- 
phate than does the eutectic solution which freezes a t  - 1O.2. 
The  decrease of both - and I is 
The  freezing temperatures observed by me are 
A A 
There is no minimum. m m 
continuous. 
probably a little too low, and the progressive decrease of 
and m' is probably still more marked than appears in the table. 
As the difficulty of getting a supersaturated solution to freeze 
without precipitation of salt increases with the quantity of solu- 
A 
A 
1 Phys. Rev. 3,  277 (1896). (Cited by Jones.) 
loc. cit. 274. 
Ann.  Chim. Pllys. (4) 25, 539 (1872).  
Bull. SOC. vaud. Sci. nat. 11, 33 (1872).  
MoZecuZar Depression of the Fueezing-point of Water 537 
tion, only about 30 grams of solution were used for these experi- 
ments, As has already been stated, no correction was made for 
the increase in concentration due to the separation of ice. 
My experiments in  conjunction with those of Jones and 
others give evidence of the existence of a minimum for the salts 
enumerated in the first of the two following tables. In the 
second table are the salts for which, according to my experi- 
ments, there is no minimiim, but a continuous decrease in the 
molecular-depression as the concentration increases. In  both 
tables the values of A, and 2 are given for the most con- A A 
-15O.81 4.19 
-21.85j 4.90 
-7.85' 6.64 
2.44 - 
centrated solution of each salt of which I was able to determine 
the freezing-point. T h e  sign * indicates that the solution is- 
supersaturated at  its freezing temperature. 
Salts for which the molecular depression of the freezing-point presents a 
minimum 
-_ _
Ammonium chloride, (NH,CI) 
Sodium chloride, (iKaC1) 
Barium chloride, (BaC1,) 
Magnesium sulphate, (MgSO,) 
Zinc sulphate, (ZnSO,) 
Copper sulphate, (CuSO,) 
m 
3 27 
4.82 
1.13 
3.45 
2.64 
1.88 
I I I 
3.74 
5.34 
1.23 
3.65 
2.74 
2.00 
13.7 
~ 3 . 6 ~  
7.5 
8.4" 
10.1" 
3.9" 
- 
m' 
- 
3.66 
4.42 
6.10 
2.30 
Salts for which the  niolecular depression of the freezing-point decreases con 
tinuously as the concentration increases 
Strontium nitrate, (Sr(NO,),) 
Barium nitrate, (Ba(  NO,),) 
Lead nitrate, (Pb( NO,),) 
Sodiuni carbonate, (Na,CO,) 
1.53 
0.17 
0.92 
0.75 
3.77 
4.12 
2.58 
3.33 
It seems to be generally admitted that if n represents the 
nuniber of molecules of the solute, N the number of molecules 
of the solvent, and A the depression of the freezing-temperature 
of the solution, then 
A = - X c  onst. 
n 
N 
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Dissociation of the solute (electrolytic or hydrolytic) in- 
creases n ; atid the formation of hydrates at  the expense of the 
solvent decreases N. Both n and N are decreased by polymeri- 
zation. 
As t-hese quantities vary, so the molecular-depression of the 
freezing-point increases, decreases or remains constant. 
More than thirty years ago I showed that the continuous 
decrease in the molecular-depression of the freezing-point of an 
aqueous solution as the concentration of the solution increases, 
may be explained in two ways : 
I. By the dissociation of hydraiesforrned by the solute at ihe 
expeizse of the 
2. By dissociation o f  the P~obably  hydrolytic disso- 
ciation.3 
I venture to recall this, now that the hydrate theory seems 
to be coming into favor again. 
This theory was set forth a t  length in  Ann. Chim. Phys. (4) 23, 377-386 
(1871), and in Bull. SOC. vaud. Sci. nat. IO, 546-553 (1871). The  fundamental 
assumptions were that the relative quantity of hydrate increases with dilution 
and with lowering of the temperature. 
Ann. Chim. Phys. (4) 25,  540 (1872). 
This was expressed in  the following words : “La dissolution contient un 
melange de combinaisons provenant de l’union d’une partie du  dissolvant avec 
les produits de la deconiposition du sel. Les proportions relatives du melange 
varient avec la concentration et la teniperature de  la dissolution.” Bull. SOC. 
vaud. Sci. nat. 11, 82 (1872). 
